PGT for chromosomal abnormalities.

Pieter Verdyck, PhD.
BeSHG course 2021 - 2022




e PGS vs PGD, PGT-A vs PGT-SR

e Technologies
- FISH
- Array CGH
— Shallow Genome Sequencing
- SNP array
- Genotyping by sequencing

e Segregations of translocations




e PGS vs PGD, PGT-A vs PGT-SR

e Technologies
- FISH
- Array CGH
- Shallow Genome Sequencing
- SNP array
- Genotyping by sequencing
e Segregations of translocations

|
Q Universitair Ziekenhu is Brussel




Former nomenclature

e PGD = Preimplantation genetic diagnosis
— Couples at increased genetic risk

- Abnormal karyotype with numerical or structural
chromosomal abnormality

- Couples are often fertile but PGD requires ICSI as part of
the procedure

- First birth by Handyside et al. (1990).

e PGS = Preimplantation genetic screening

— Couples at population risk (cave female age)

- In couples requiring IVF, performed to improve IVF
outcome

- Introduced by Verlinsky et al., 1995; Munné et al., 1996




Revised nhomenclature

e PGD - structural -> PGT-SR

e PGD - numerical
e PGS -> PGT-A




PGT-A: indications

e Former PGS

- Couple has a normal karyotype

e Recurrent implantation failure
e Recurrent abortion

e Advanced maternal age

e Antecedents trisomy

e Numerical abnormalities (rare
indication).
- 47 XXX; 47 ,XXY, 47 XYY
- Mosaic 45,X/46,XX
- Germline mosaic




PGT-SR: indications

e Balanced structural rearrangements
— Reciprocal and Robertsonian translocations
— Paracentric and pericentric inversions
- Insertions (rare indication)

e Unbalanced structural rearrangements
- Deletions, duplications

- Unbalanced reciprocal translocations (rare
indication)
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PGT with FISH

-Fluorescent In-situ Hybridization:
hybridization of fluorescently labelled
probes directly onto a fixed nucleus.

-One to three FISH hybridization rounds
are possible (wash and hybridize again)

-Up to ~12 probes
-Oldest technique for chromosomal PGT




FISH:principle

Fluoresence In Situ Hybridization

: Labeling

Multi - color FISH
1 — 3 consecutive FISH procedures
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PGD- FISH cycle: day 3 biopsy

ROUND 1 ROUND 2
\ FISH /
PROCEDURE
FIXATION ‘

.
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Workup

- 10 Metaphase nuclei
- 100 Interphase nuclei

Round 1:

22q11.2 probe (Vysis, LSI TUPLE 1, Orange)
22q13.3 probe (Vysis, LSI ARSA, Green)

Round 2 (nhot shown):

PGT-kit

13914 Red

18p11.1-q11.1 Alpha Satellite DNA Aqua
21922.13-21922.2 Green

Xp11.1-q11.1 Alpha Satellite DNA Blue
Yp11.1-q11.1 Alpha Satellite DNA Gold
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Example FISH - 46,XX,del(22)(q11.21911.21)

e PGD

- Embryo inherited
del(22)(q11.21g11.21)




Strengths and limitations of FISH

e Strengths:

-

-

Structural rearrangements with small unbalanced
segments can be diagnosed.

Haploidy and polyploidy can be detected

e Limitations:

Often patient-specific workup required

Often subjective interpretation (low signal to
background). Frequent FISH errors (splitting or
overlapping signals)

Few chromosomes are tested (probemix)
Uniparental disomy (UPD) is not detected.
Not useful for duplications

Normal and balanced segregations are not
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Array CGH

Results <24hours
Sample 1 Sample 2 iBIopsy
QX Gx lCell (s) loading
l Amplification (~ 3 hrs) (98.3%)
'] 5
Y

Labelling (2 hrs)
Cy3 CyS \\ l

l DNA precipitation (~ 1 hrs)

24sure Hybridisation (5-12 hrs)
BlueGnome
2684 clones

1Mb coverage l Washing (~1/2 hr)
BlueFuse Multi l g I
software canning

— Deletion sample 1; theoretical log2R = -1

If is sample 2 is normal reference —>  Duplication sample 1; theoretic log2R = 0,58
In Cy5 (red)

. —>  Normal sample 1; theoretical log2R =0
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Example 46,XX

Log? Ratio Chl/Ch2 « Chromosomal Position -«

1.29

088

0.a8

037

006

024

055

.26

-1.47

178
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Strengths and limitations of aCGH

e Strengths:

-

No patient-specific workup required

- All chromosomes are tested

-

Straightforward interpretation

e Limitations:

-

-

Uniparental disomy (UPD) is not detected.

Normal and balanced segregations are not
distinguishable

Structural rearrangements with small exchanged
segments (<10 Mb) cannot be diagnosed.

Haploidy and polyploidy cannot be detected
Main supplier abruptly ceased production
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Shallow Genome Sequencing

e A.k.a. low pass sequencing, low
coverage NGS,..

e Massive parallel sequencing with low
sequencing depth. Typically <0,3X or
<107 reads.

e The number of reads is counted
between specified intervals; “bins” (e.qg.
1 Mb) and normalized (GC content).

e The number of reads is a measure for
the number of copies present




PGT - Shallow Genome Sequencing

e Our method

- Trophectoderm biopsy
- Whole genome amplification (Sureplex lllumina)
- Bead cleanup

- Library preparation (adding adaptors for
sequencing) using KAPA HyperPlus (Roche)

- Sequencing on NovaSeq (lllumina)
— Data analysis




Rec. Transloc 46,XX,t(1:8)(p36,13;q24,23)
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Strengths and limitations of SGS

e Strengths:
- No patient-specific workup required
- All chromosomes are tested
— Straightforward interpretation
- Method of choice for copy-number detection (PGT-A).

e Limitations:

- Uniparental disomy (UPD) is not detected.

- Normal and balanced segregations are not
distinguishable

— Structural rearrangements with small exchanged
segments (<5 Mb) cannot be diagnosed.

- Haploidy and polyploidy cannot be detected
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SNP array - lllumina Karyomapping

1 sample




SNP array - method

Infinlum HD Assay

T T c Loipq 1eiidd Fragment DNA
Lol < A< AP
¥ c c {200-400 ng)
I I dl - &
- ' Two-Step Allele Detection
ST = B _
T MHybridaation
D i pet I PCR-free = : ¥ g
3> No'-g'oom \/\ DNA fragment
™ : ' amplificatson 10 SOmer probe
on My

T ~» Enzymatic single
base entension

\’\ with labeled
nucleotide

Fragment DNA

The Infinium HD Assay protocol features single-tube sample prepa-
ration and whole-genome amplification without PCR or lgation

(' wteps, significantly reducing labor and sample-handling errors.
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From signal to genotype




SNP array - example 46,XX,t(14:17)

g_ Il

Wt Aff (on derivatives)

B

Father Mother Maternal grand-
(Wt) (Transloc, NF1)  father (Wt)

FVE M RK R_RI-PD16.05
59
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SNP array - example

I g P

. 14:0Kb

YIRS R+ SNEEN W & 5 PPN - VY Ll L L L L L -

RN N - AR O R EFENEER N R YRS

RN RN M R M B YR PR YN R & R B

L L L L L L - " N EN ¥ L Rl L L L

Wit Sifr:(?z) Centric segment der(14 Translocated segment 14

and on der(17)
der(17)

L =5 2 | e T BB T B

17:81,195Kb

R B4 E BRIV YN YR * N - LR o L - e o B e N VRS DN

NN B - ERRNERE L SERMERN & % SBPHEVEN BW W 54 EY B VERVE EYE IR BN

e ST OO & O S50 & ¢ * A B R e A * * B2 E W 0 BN

i W + e e

Centric segment der(17) Translocated segment 17 on der(14)
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SNP array -

I g P

. 14:0Kb

BN TN BN T BN N SN BN TSN

14:107 350Kb

YIRS R+ SNEEN W & 5 PPN - VY Ll L L L L L -

Wit Sifr:(?z) Centric segment der(14 Translocated segment 14

and on der(17)
der(17)

L =5 2 | e T BB T B

17:81,195Kb

R B4 E BRIV YN YR * N - LR o L - e o B e N VRS DN
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* A B R e A * * B2 E W 0 BN

i W + e e

Centric segment der(17) Translocated segment 17 on der(14)
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Strengths and limitations of SNPa

e Strengths:

- Uniparental disomy (UPD) can be detected.
- Normal and balanced segregations can be distinguished

- Inherited structural rearrangements with small exchanged
segments (<5 Mb) can be diagnosed.

- Haploidy and polyploidy can be detected
- All chromosomes are tested
- Detection of PGT-SR can be combined with PGT-M or A

e Limitations:

- Workup is required. DNA samples from family members is
required.

- Sensitivity for detection of de novo duplications and
| trisomies depends on the quality of the array data and
(> the platform used

eeeeeeeeeeeeeeee
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Genotyping by sequencing

e High coverage sequencing allows to
determine genotypes

e Cost can be reduced by sequencing only
part of the genome
- Exome sequencing
- Reduced representation sequencing

e Similar data compared to SNP array

e Sequencing cost has been limiting use
to date
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Robertsonian translocation

e Robersonian translocation

— Fusion of long arms of 2 acrocentric chromosomes:
13, 14, 15, 21, 22

- Most often dicentric
- der(13;14) most frequent (75%)

- Viable trisomies possible with Rob involving
chromosomes 13 and 21. Highest risk for trisomy
21 pregnancy in female carriers (10-15%)

- Higher incidence of UPD (chr14 and 15), ~0,8%
- 6 segregation products are expected
e Example 45,XX,der(13;14)(q10:g10)
S




Normal meiosis bivalent

Parent cell (2n)

Prophase |

Metaphase |

|
Q Universitair Ziekenhuis Brussel

é Centromeres do not i
separate; sister
chromatids remain
together during
anaphase; homologs
separate; DNA does
not replicate before

L prophase |I.

Anaphase |

Telophase |

At the end of
telophase |, the
two homologs are
segregated from
one another.

crossing over.

After telophase |, each
of the two daughter cells
undergoes meiosis I
without an intervening
DNA replication.

Homologous pairs

of chromosomes
align at the equatorial
plate.

Meiosis Il produces four haploid daughter
cells that are genetically distinct. Meiosis
is thus a mechanism for generating diversity.

Adopted from Macmillanhighered.com



Segregations Rob - alternate

Meiosis 1 Normal

Der(13:14) f ———
—r— . Balanced

13 14




Segregations Rob - adjacent

Meiosis 1 nullisomy 14

=n

Der(13;14)
/
O
=nﬂ= N functional disomy 14
13 14 — () S—

- 7 _
- S ¥

Embryo with functional
trisomy 14




Segregations Rob - adjacent

Meiosis 1 Gamete disomy 13
———— () S—
Der(13;14)
r =n
—————) () S—

=nﬂ= ™ Gamete nullisomy 13
13 14 ﬂ=

Embryo
monosomy 13
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Reciprocal translocation

% Translocated
: 5 % segment
! Centric
" <€— segments —>
» Translocated
" segment
5 der(5) der(10) 10 5 der(5) der(10) 10
M M
1\ -
! o B
‘ ﬁ Q. 2 d F - Centric s
J i segments
9’ = ‘ Translocated
- ‘/ segments —
Y7
B 0
1 der(1) der(4) 4 1 der(1) der(4) 4

FIGURE 5-1 Reciprocal translocations demonstrating (above) double-segment and (below) single-segment
exchange. The translocations are t(5;10)(p13;q23.3) and t(1;4)(q44;q31.3). (Cases of M. A. Leversha and
N. A. Adams.)
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Reciprocal translocation

% Translocated
< 5 é segment
l ! Centric
= <— segments
Translocated
segment = o
5 der(5) der(10) 10 5 der(5) der(10) 10
M M
1\ -
! o B
‘ ﬁ Q. 2 d HE Centric s
J i segments
9’ = ‘ Translocated
- /segments""’
\/
Z
B 0
1 der(1) der(4) 4 1 der(1) der(4) 4

FIGURE 5-1 Reciprocal translocations demonstrating (above) double-segment and (below) single-segment

exchange. The translocations are t(5;10)(p13;q23.3) and t(1;4)(q44;q31.3). (Cases of M. A. Leversha and
N. A. Adams.)
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Normal meiosis bivalent

Parent cell (2n)

Prophase |

Metaphase |
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chromatids remain
together during
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not replicate before

L prophase |I.
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Telophase |

At the end of
telophase |, the
two homologs are
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one another.

crossing over.

After telophase |, each
of the two daughter cells
undergoes meiosis I
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DNA replication.
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Segregations for a reciprocal transloc.

Tetravalent Table 5-1.

ONE DAUGHTER OTHER SEGREGATION
GAMETOCYTE DAUGHTER MODE
WITH: GAMETOCYTE

WITH:

2:2 Segregations

Aand B A’and B’ Alternate
A’ B segregation
A and B’ Band A’ Adjacent-1
Ko X segregation
C i@ R Aand A’ Band B’ Adjacent-2
A B ’ segregation
3:1 Segregations
ABA’ B’ 3:1 segregation
with
A Band B’ A tertiary trisomy
or monosomy
A'B'and A B 3:1 segregation
FIGURE 5-2 Pachytene configuration, simplified with
outline. The two normal (A, B) and the two A’B’and B A interchange
translocation (A/, B") homologs align corresponding trisomy or
segments of chromatin during meiosis L. monosomy
4:0 Segregation
ABA'B’ None 4:0 segregation
From Gardner and Amor, ‘Chromosome abnormalities W?th double
and genetic counseling’ 5t edition, Oxford University press 2018. FRlsoany 0%
monosomy
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Segregations for a reciprocal transloc.

Tetravalent Table 5-1.

ONE DAUGHTER OTHER SEGREGATION
GAMETOCYTE DAUGHTER MODE
WITH: GAMETOCYTE

WITH:

2:2 Segregations

Aand B A’and B’ Alternate
A % B segregation
A and B’ Band A’ Adjacent-1
G222 segregation
w777 Aand A’ Band B’ Adjacent-2
segregation

3:1 Segregations

ABA’ B’ 3:1 segregation
with
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A'B'and A B 3:1 segregation
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Rec. Transloc 46,XX,t(1:8)(p36,13;q24,23)
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Rec. Transloc 46,XX,t(1:8)(p36,13;q24,23)

PGTNGS-C198966-1-CS  50000s50000.20

15-
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L e O T A ) (S P VOV WGP Y Sy SRV WP PISD U NS STV SRTUTY o\ BYSU Y PN VP USROS ST OR SHPIY 1) VUYL ST S0 P S U) S SSPSPURT ST SR STY £ SSRGS SPYP S SSUl SO SY PR UGS SSPUPYRPIN S SRS WY SSTPSPURTY| ST OR) ST VYL (T STOTL) STORTO) SPTTIL) SO S| S S

oR2e8REREE cnRr8RRLERonan8lRE cnsREBtonsrilR bR g lE eﬂs&§$§ensse8§ easrzsﬂensﬂ§§°\es.‘285938:9859:&3z80n8!§e382§33‘9°ﬂ3ﬁ°53‘$ﬂ3°53°¥3 °5$ﬂ32§§§=33
Position (Mb)

->Adjacent 1 segregation
1 derivative maternal chromosome 1 (
1 normal maternal chromosome 8 (B)

-> translocated segment on chr1 deleted
-> Log,R = -1

-> translocated segment on chr 8 duplicated
-> Log,R = 0.58
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Rec. Transloc 46,XX,t(1:8)(p36,13;q24,23)
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Rec. Transloc 46,XX,t(1:8)(p36,13;q24,23)

PGTNGS-C198966-7-CS 50000s50000.20
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Position (Mb)

-> Tertiairy monosomy
1 maternal derivative chromosome 1 (A’)
no maternal chromosome 8 (/)




SNP array - example 46,XX,t(14:17)

g_ Il

Wt Aff (on derivatives)

B

Father Mother Maternal grand-
(Wt) (Transloc, NF1)  father (Wt)

FVE M RK R_RI-PD16.05
59
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SNP array - Example

Chr. 14
- | 4

il B S R i

14:0Kb 14:107 350Kb
ANDHEERNE-E A & S AEHHAEE & 0RO DI ARRHEREERE-HEN &8 MRS BN AR BB MR NS ::
= L . 113 R k. 3 BIX. _I_ 1 BN . 1 N 1 __ _§_. _ J __
L L] LB ] e L] o i N 4 +& & + 5 B M ... :‘S_m
L 1 * * 9 L1 L] * 4 & 20 L ] L L . 2 R VAR L L
\l/ \l/ RN M- - HHHE R HEE N & A B * o L ]
Wt Aff: on
der(14) Both centric segments 14: 14 and Distal segment
and Translocation breakpoints der(14) on normal 14
der(17)

Chr.17
C T T

o | T BB T N

17:81,155Kb

AERNE R AR

2 LE LR o L L

L B +HEFE & BN W 2 VN R B

EE4

B R BN R SR S L - E A - & B Sl N B e W B AN RS SRR

‘XK > + Ak & R AR N SN il 4B 4 2 BEENEEE 3 B
Lo B I L L

W s L] d b B * * & * & ¥ - A bl b

T e LD
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No centric segment 17 Translocated segment 17 on der(14)




SNP array -

L i p4

14-0Kb

ANDHEERNE-E A & S AEHHAEE & 0RO DI ARRHEREERE-HEN &8 MRS BN AR BB MR NS -
EE4
L L] LB ] e L] o i N 4 +& & + 5 B M
RN M- - HHHE R HEE N & A B L ]
Wt Aff: on

der(14) Both centric segments 14: 14 and Distal segment

and der(14) on normal 14

der(17)

== - R BB T N

17:81,155Kb

AERNE R AR * e L LE LR o L L

L B +HEFE & BN W 2 VN R B

EE4

B R BN R SR S

- & B Sl N B e W B AN RS SRR

+ Ak & R AR N SN il 4B 4 2 BEENEEE 3 B

* BN B YRS B B

- * # 26 S W +E L4 R J

No centric segment 17 Translocated segment 17 on der(14)
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Segregations for a reciprocal transloc.

Tetravalent Table 5-1.

ONE DAUGHTER OTHER SEGREGATION
GAMETOCYTE DAUGHTER MODE
WITH: GAMETOCYTE

WITH:

2:2 Segregations

Aand B A’and B’ Alternate
A % B segregation
A and B’ Band A’ Adjacent-1
G222 segregation
w777 Aand A’ Band B’ Adjacent-2
segregation

3:1 Segregations

ABA’ B’ 3:1 segregation
with
A Band B’ A tertiary trisomy
or monosomy
A'B'and A B 3:1 segregation
FIGURE 5-2 Pachytene configuration, simplified with
outline. The two normal (A, B) and the two A’B’and B A interchange
translocation (A/, B") homologs align corresponding trisomy or
segments of chromatin during meiosis L. monosomy
4:0 Segregation
ABA'B’ None 4:0 segregation
From Gardner and Amor, ‘Chromosome abnormalities W?th double
and genetic counseling’ 5t edition, Oxford University press 2018. e
monosomy
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